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Introduction

44
The effects of management-related habitat variables (e.g., structural and compositional 45 characteristics) on bird assemblages are widely studied. There is a lot of interest in the 46 conservation of birds, as they are especially popular, relatively easy to detect and very sensitive to the quality of their habitats (Fuller 1995) . As a result, studies of birds are widely (settlements, meadows, arable lands) were estimated around the plots within a circle of 100, 156 200, 300, 400 and 500 m radius, using maps and the data of the Hungarian National Forest specific equations from DBH and height variables (Sopp and Kolozs 2000) . Quercus petraea, 168 Q. robur and Q. cerris were merged as oaks, because Q. petraea and Q. robur could not 169 clearly be distinguished in the region, and Q. cerris was very rare. Other rare tree species 170 were merged as non-dominant trees. Logs and snags were also merged as dead wood during 171 the analyses, because these two variables strongly and positively correlated with each other. counts. In these periods, each survey was carried out for 10 minutes at dawn, between sunrise 180 and ten o'clock in the morning, if no strong wind was blowing (maximum 3 on the Beaufort-181 scale), and there was no rain. During each count, we noted all the birds seen or heard within a 182 100 m radius circle. As the detectability is different for every species, the proportion of the 183 observed birds can differ among species, and our counts do not offer absolute abundances, but 184 rather indicator-like measurements that are comparable between sites (Gregory et al. 2004 ).
185
As birds of prey and corvids have larger territories than most of the forest bird species and the 186 size of our stands, these species were excluded from the analysis. After choosing our plots as 187 far from the edges as possible, and excluding the bird species whose territories do not fit with 188 the size of our stands, we assume that the side-effect is minimal in our data. We also excluded 189 cuckoo (Cuculus canorus) due to its special reproductive behaviour, so finally passerines,
190
woodpeckers and columbiformes were included in the analysis. For each species, we used the 191 maximum of the two counts for calculating our variables.
Species richness and the abundance of the whole assemblage and of the different 194 functional subsets based on nesting site and rarity were analysed (Table 2) . For forest birds,
195
we calculated species richness and the abundance of cavity-nesters and non-cavity nesters. In 196 the group of cavity-nesters, primary cavity-nesters (woodpeckers) and secondary cavity-197 nesters (tits, flycatchers, etc.) were merged, as these two groups are closely related to each 198 other. We also merged bird species nesting in the canopy or on the ground, as the species 199 richness and the abundance of these groups was too low for a separate analysis, and these two ordination methods were adequate to explore the main connections in our data structure.
214
Detrended correspondence analysis was used to reveal gradient length values along the axes.
215
As they were lower than 2.5 standard deviation units, redundancy analysis was used as direct 216 ordination method (ter Braak and Smilauer 2002, Lepš and Šmilauer 2003) . Before the final model selection, the significant explanatory variables were selected from among the potential 218 ones (Table 1) The relationships between the studied variables of bird assemblages (species richness and 230 abundance of the whole assemblage and the analysed groups) and explanatory variables were 231 revealed by general linear models (Faraway 2005 (Faraway , 2006 , using Gaussian error structure and 232 identity link function. For species richness variables, Poisson models were also tested, but 233 both their diagnostics and their explanatory power were weaker, so all models presented here 234 supposed Gaussian error structure. If necessary, logarithmic transformation was used, both on 235 the bird and the explanatory variables, to achieve normality and for a better fit of the models. 
Results
262
In the 35 plots, 857 individuals and 37 bird species were recorded ( Table 2 ). The mean 263 species richness of plots was 9.4 (range 5-19), and the mean abundance of birds was 12.8 264 (range 6-23). Species richness and abundance of each bird group correlated strongly (r=0.90 265 for forest birds, r=0.94 for cavity-nesters, r=0.82 for non-cavity nesters, r=0.87 for common 266 forest birds and r=0.97 for rare birds). As both the proportion of explained variance and the relative importance of explanatory variables differed in species richness and abundance 268 models, here we present both models for forest birds and the analysed groups. The first three axes of principal component analysis explained 45.1 % of species variance, 273 while the three canonical axes of redundancy analysis explained 15.8 % of it (Table 3 , Fig. 2 ).
274
The mean DBH of trees was the most influential variable for the community composition, but In each group, the same explanatory variables were significant in species richness and 297 abundance models, but the coefficients of determination values (R 2 ) were higher for 298 abundance than for species richness variables (the differences were approximately 15 %, 299 Table 4 ). Our models explained very different proportions of variation (from 20 % up to 60 300 %). For cavity-nester species, the mean DBH of trees and dead wood volume seemed to have a 311 strong and positive effect, while floor vegetation cover did not seem to be important to them.
312
On the contrary, for non-cavity nesters this was the most important explanatory variable 313 beside soil cover. Both variables had a positive effect on none-cavity nesters. However, the lack of over-mature trees is typical in this region due to selective cutting 380 regimes performed by farmers in previous centuries, which fact may partly explain the local 381 importance of this variable (e.g., Tímár et al. 2002) . The probable reason for this phenomenon 382 is that both the amount of invertebrates (especially insects) and the number of potential 383 nesting sites increase at an accelerating rate with the size of trees (e.g., Lencinas et al. 2008, 384 Bereckzi et al. 2014). This is confirmed by the fact that the importance of this variable was 385 largest for cavity-nesters, the group containing species feeding and nesting in the canopy, in 386 branches or trunks (woodpeckers, treecreepers, nuthatch and tits, e.g., see in Fuller 1995). and/or feed on the ground or close to it (e.g., thrushes, warblers, wren, robin, blackcap, 395 blackbird), this result is not unexpected. We additionally noted that the cover of floor 396 vegetation had the greatest predictive power for non-cavity nesters, the group containing most 397 of the above species. Conversely, the fact that the shrub layer was not a relevant factor for any 398 of the studied bird groups is a little bit surprising, although many of the discussed species feed and historical variables were calculated from 100 m radius circle of plots. Table 1 ).
